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THERMAL SPRAYING EQUIPMENT 



R A CK GROUND OF THE INVENTION 

THIS invention relates to thermal spraying equipment and to a thermal 
spraying method for producing hard coatings on a substrate. 

International patent application no. WO 98/00574 describes a thermal 
spraying method and apparatus of the above general kind. 

It is an object of the invention to provide a method and apparatus which is a 
development of the known method and apparatus. 



SUMMARY O F THE INVENTION 



mm 



According to the invention there is provided thermal spraying apparatus 
comprising a nozzle defining a throat having an inlet and an outlet and a gas 
flow path which is aligned with the axis of the throat, so that gas under 
pressure can be supplied to the inlet; at least first and second guides arranged 
to guide respective feedstock wires via the inlet towards a point of intersection 
in or adjacent an end of the throat; a power supply arranged to be connected 
to the feedstock wires to cause an arc in the throat between the wires; and a 
supply of compressed air arranged to supply air to the throat, the guides being 
arranged to direct the feedstock wires to the point of intersection so that they 
define an angle of between 45° and 90° between them. 

Preferably,, the .guides are arranged so that the angle defined between the 
feedstock wires is approximately, 60°. 

The nozzle may be formed from first and second body halves, each defining a 
portion of the throat. 

The guides may comprise respective bores formed in the body halves and each 
intersecting the portion of the body half defining a respective portion of the 
throat, each bore being inclined relative to the axis of the throat. 

The guides may include inserts receivable in the respective bores, each insert 
having an aperture therein through which a feedstock* wire~can; pass, and 
having an inclined end face shaped complementally to the shape of the throat. 



The body halves are preferably conductive, with a terminal or contact on each 
body half for connection to the power supply. 

The body halves are preferably mounted on a non-conductive head which 
holds the body halves in a spaced-apart condition. 

RRTEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded view of a spray head of thermal spraying 
apparatus according to the invention; 

Figure 2 is a pictorial view of the apparatus of Figure 1 ; 

Figure 3 is a rear end view of the apparatus of Figure 1 ; and 

Figure 4 is a section on the line 4-4 in Figure 3. 

DESCRIPTION OF AN EMBODIMENT 

The illustrated apparatus is a thermal spraying head which is connected in use 
to a source of compressed air or nitrogen by means of a hose 10, and to a high 
current power supply 12 in use. 

The general principle of operation of the apparatus is substantially similar to 
that described in the abovementioned international patent application no. WO 
98/00574, the contents of which are incorporated herein by reference. 
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The sprays head of the-apparatus comprises^first^and*seGond^conduetiive-body 
halves 14 and 16 wMeh are*machined.from ;alumim which are 

mounted on a non-conductive head 16 which can, for example, be^moulded or 
machined from a suitable plastics material' such as PTFE. 

As shown in the exploded view of Figure 1, the body halves 14 and 16 are 
attached to the head 1 8 hingedly by means of pins, which assist in assembly of 
the head and in correct location of the body halves with respect to one another. 
An outer sleeve 56 of tough plastics material such as nylon holds the body 
halves in position and is located positively by a pin 58. 

The front* face ;of ; the <*head has a circjulawcentral portion 20, at the centre of 
which is an outlet 22 3f*a nozzle which hastan inlet €4, 'and v a cylindrical" throat 
26 extending*b s etweentthe*in^ an .inlet diameter- 

of 8mm and *an exit^diametewof 8.5mm; - 

Cavities 28 and 30 are machined into the respective body halves 14 and 16, 
and define respective inclined bores 32 and 34 which intersect with respective 
grooved portions 36 and 38 of the body halves which define the throat 26, at 
an angle of approximately 30° to the axis X-X of the throat, so that the 
included angle between the two bores 34 is 60°. 

Locatable within each bore is a copper insert40, the inserts 404iavdng4ends 42 
which are shaped complementally to the grooved surfaces 36 and 38 defining 
the throat of-the no2zlef so*that*when the inserts«are in position irathe^bores- 34,-* 
their ends"42 are^flxfih^th^the^siirfaee-of theMhroat* A bore*44 is fonned- in 
each insert which is sized to receive a metal feedstock wire 46 and to make 
electrical contact with the wire as the wire passes through the insert and into 
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the throat 26. 

In the prototype apparatus, the feedstock wires 46 were directed to a point of 
intersection at the outer end of the throat 26 essentially coinciding with the 
outlet 22 and the central axis X-X of the throat. In some applications, it may 
be desirable to move the point of intersection outside the throat, although it 
has been found in practice that it is generally preferred for the point of 
intersection to be within the throat. 

Electrical terminals 48 and 50 on the respective body halves 14 and 16 are 
provided for connection of heavy duty conductors 52 and 54 which connect 
the body halves to the power supply 12, and which thus pass current to the 
feedstock wires 46 via the body halves and the copper inserts, causing an arc 
at the point of intersection of the feedstock wires in the throat. In the 
prototype apparatus of the invention, the power supply 12 was a constant 
voltage source operating at approximately 42 to 48 volts (compared with 
approximately 32 to 36 volts in the case of conventional apparatus). The arc 
current was between 150 Amperes to 300 Amperes and the gas pressure at the 
entrance 2 to 5 bar (g), typically 4 bar. 

As described in the abovementioned international patent application, the 
pressure and volume of the gas supplied to the interior of the nozzle are 
preferably adjusted to cause sonic or choked gas flow within the throat, so that 
the generation of an arc within the throat has the effect of generating 
supersonic flow within the nozzle, which would otherwise not be attainable. 
The resultant high flow velocity results in very fine atomisation of the molten 
feedstock particles and very high particle speeds as the particles are emitted 
from the nozzle towards a substrate. 



The feedstock^wires 46 e^arivbe conventional solid wires^but-it has*been*f©und 
that the^use^of cored wires comprising a tubular metallic body containing a 
cermet powder, together with the use of nitrogen or another suitable inert gas, 
provides-excellent results. The cermet -material, typically an agglomerated and 
sintered mix of metal and carbide, tends to improve the deposition of carbide 
material from the thermal spray method, as the hard carbide material is 
contained within a metal binder. Use of pure nitrogen or another suitable inert 
gas protects the atomised metal feedstock particles from oxidation, 
significantly improving the quality of the coating produced. 

It has-been found that utilising relatively shoifc spray distanees-between the 
outlet of ^ the inozzle and .the ^substrate to be-iGoated,^preferablyHess^than 
1 00 rrnn-;and?down4o*'as4i^ 

which detRmentally* effdSt«*the qxi^ity^of^theiacoating^ & In <pri@rwart*deviees, 
short spraying~distanees*Gan4ead to overheating of the/substrate,^but<duelto the 
very high gas flow thr^ugh«the -spray device of the»inventio^the^gas jet has a 
cooling effect, preventing overheating. 

It is believed that the use of a relatively steep angle of intersection between the 
feedstock wires of at least 45°, and typically 60°, compared with the 
conventional angle of intersection of approximately 30°, ensures that the ends 
of the feedstock wires at the point of generation of the arc are more stable in 
the high .velocity gas stream in the throat; and that the atomisation-of the 
molten metal* .resulting- from the arc is more uniform due to the smaller 
exposed surface cross *seetionp©£ the feedstock wires:- In this regar<Mh€kdesign* : 
of the wir^guides^so ^s not^td protrude ^into* the throat^and^ therefore^not to 
disturb the gas flow in the throat is also important. 
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